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[57) ABSTRACT

A semiconductor memory device comprising an N con-
ductivity type semiconductor substrate, a P conductiv-
ity type well formed in a specified section of the surface
of the semiconductor substrate, N conductivity type
source and drain regions formed in the P conductivity
type well, and a gate insulation layer deposited on the
surface of the well over the source and drain regions.
The P conductivity type well has a higher impurity
concentration than the N conductivity type semicon-
ductor substrate and the N conductivity type source
and drain regions have a higher impurity concentration
than the P conductivity type well. An insulation film is
formed on the drain region and the insulation film, a
metal electrode layer deposited on the insulation film

- and drain region collectively institute a capacitor.

10 Claims, 6 Drawing Figures
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1

HIGH DENSITY SEMICONDUCTOR MEMORY
DEVICE FORMED IN A WELL AND HAVING
MORE THAN ONE CAPACITOR

This invention relates to a semiconductor memory
device. |

The known semiconductor memory devices include a
dynamic type using as storing means a parasitic capaci-
tance arising between the node of the constituent circuit
and referential voltage point and a static type designed
to store data in the fully static form. These conventional
semiconductor memory devices are classified into three
types, that is, the N channel, P channel and complemen-
tary types, according to the kinds of insulated gate field
effect transistors (hereinafter abbreviated as “IG-
FET’s”) used. The complementary semiconductor
memory device is already commercially available as a
nonvolatile, static type to draw upon the characteristic
of reducing power consumption and, when a driving
power source is cut off, is operated by a battery to retain
the stored data.

However, the static type semiconductor memory
device has the drawback that a memory cell generally
requires six IGFET’s, increasing the area of a semicon-
ductor chip and in consequence rendering the memory
device expensive. Particularly in recent years, the trend
has gone toward accepting a semiconductor memory
device having a large number of bits. Therefore, the
static type semiconductor memory device, which has an
unavoidably large chip area and consequently is expen-
sive, is unsuitable for use as a type having an increased
storing capacity. Thus, demand has been made for de-
velopment of a semiconductor memory device requir-
ing fewer IGFET’s. To meet this demand, there has
been proposed a dynamic type semiconductor memory
device provided with a plurality of memory cells each
using only one IGFET. An indispensable capacitor for
this type of semiconductor memory device 1s formed by
a PN junction region which is formed by diffusion. In
this case, diffusion has been carried out over a consider-
ably large area in order to provide a sufficiently large
capacitor for the memory cell, resulting in an increase in
the chip area. |

An object of this invention is to provide a dynamic
semiconductor memory device in which source and
drain regions are formed in a region having high impu-
rity concentration so that a capacitor having a large
capacitance can be formed by diffusion over a small
area, thereby permitting a memory cell of a small chip
area.

Another object of the invention is to provide a com-
pact semiconductor memory device which comprises a
plurality of the above-mentioned memory cells, and
refresh circuits for the memory cells.

According to an aspect of this invention, there 1s
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regions; and an electrically conductive layer mounted
on said insulation layer, wherein a first capacitor is
formed of the conductive layer and said selected one of
the source and drain regions constituting mutually fac-
ing electrodes and a second capacitor 1s formed in the
junction of said semiconductor region and the selected
one of the source and drain regions.

This invention can be more fully understood from the
following detailed description when taken in conjunc-
tton with the accompanying drawings, in which:

FIG. 1 1s a sectional view of a memory cell used with
a semiconductor memory according to one embodiment
of this invention: | | |

FIG. 2 is a circuit diagram of a semiconductor mem-
ory device using the memory cell of FIG. 1;

FIGS. 3A, 3B and 3C show the waveforms of signals
by way of illustrating the operation of the semiconduc-
tor memory circuit of FIG. 2;

FI1G. 4 indicates a modification of a clocked inverter
used with the semiconductor memory circuit of FIG. 2.

There will now be described by reference to the
appended drawings a semiconductor memory device
according to one embodiment of this invention.

FIG. 1 1s a sectional view of a memory cell used with
the semiconductor memory device. This memory cell is
constructed through the following steps:

First, a P conductivity type well is formed in an N
conductivity type stlicon substrate 100 by, for example,
diffusion or ion implantation. An N+ conductivity type
drain region 102 and an N+ conductivity type source
region 103 broader than the drain region 102 are formed
in the P conductivity type well 101 by diffusion or ion
implatation. A gate insulation layer 104 is mounted
between the drain region 102 and source region 103. A
gate electrode 105 is provided on the gate insulation

- layer 104. A drain electrode 106 is mounted on the drain
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provided a semiconductor memory device comprising -

at least one memory cell including a semiconductor
substrate of one conductivity type; a semiconductor
region formed in the surface of the semiconductor sub-
strate with the opposite conductivity type to, and at a
higher impurity concentration than, the semiconductor
substrate; source and drain regions of said one conduc-
tivity type formed in the surface of said semiconductor
region and having a higher impurity concentration than
the semiconductor substrate; a gate insulation layer
formed between the source and drain regions; an insula-
tion layer formed partly on one of the source and drain

region 102 and a source electrode 107 is mounted on the
source region 103. What calls for attention in FIG. 1 is
that an insulation layer 108 is formed on the broad
source region 103, and a metal layer 109 formed of, for
example, aluminium or polycrystalline silicon is depos-
ited on the insulation layer 108. The metal layer 109 is
connected to a power source V pp (FIG. 2) and a capac-
itor Cp 1s formed of the insulation layer 108, the metal
layer 109 and source region 103. The metal layer 109
and the source region 103 are used as mutually facing
electrodes of the capacitor Cp. In a preferred embodi-
ment, an additional N+ conductivity type region 110 is
formed in the P conductivity type well 101 in contact
with the N+ conductivity type source region 103 in
order to increase the capacitance of the capacitor Cpby
substantially enlarging the area of the source region
103, that 1s, the area of the mutually facing electrodes of
the capacitor Cp. This additional N+ conductivity type
region 110 should be formed shallow preferably by ion
implantation to prevent a distance between the region
110 and semiconductor substrate 100 from being unduly

- reduced.

60
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As is apparent from a theory on the physical proper-
ties of a semiconductor element, a capacitance of a PN
junction 1s proportional to the square root of that impu-
rity concentration of the one of the diffused layers con-
stituting the PN junction which is lower than that of the
other diffused layer. Referring to FIG. 1, the N conduc-
tivity type semiconductor substrate 100 is formed at an
impurity concentration of 10!5 atoms/cm3 and the P
conductivity type well 101 at an impurity concentration
of 106 atoms/cm? to cause the impurity concentration
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of the P-well 101 to be about 10 times higher than that
of the semiconductor substrate 100. Where, therefore,
the source region 103 is formed in the P conductivity
type well 101 having an impurity concentration of 1016

atoms/cm?, a capacitance Cgsof a junctlon between the

source region 103 and P-well 101 is about V10 or 3
times higher than a junction capacitance produced in

the case where the source region 103 is formed in the
semiconductor substrate having an impurity concentra-
tion of 1015 atoms/cm3. Consequently, the present in-
vention results in the formation of a junction capacitor
between the P-well 101 and source region 103 with the
same capacitance as is obtained in a memory cell used
with an ordinary P or N conductivity type memory
device but with a reduction in area of diffusion to about
one third of that which is required for the ordinary
memory device, thereby prominently decreasing the
area of a memory cell.

It should be noted that increasing the doping concen-
tration in the P-well will decrease the amount of charge
able to be stored in the device. Even though a reduction
in the amount of charge able to be stored in the device
can be controlled to some extent by the design of the
device, applicants have nevertheless found many ad-
vantages in forming a memory cell by using a high
concentration P-well over memory cells formed in an
ordinary P-substrate. For example, the response speed
of the memory cell is influenced by the capacitors Cp,
Cg, the junction capacitor Coformed between drain 102
and the P-well 101, and the stray capacitance C; formed
in other circuit portions. Specifically, applicants have
found that an increase in the impurity concentration of
the P-well 101 leads to increased capacitances of capaci-
tors Cs and Cop. In addition, the increased capacitance
of capacitor Cgserves to diminish the influence of stray
capacitance Cy on ‘the function of the memory cell,
leading to a favorable result that the retention time for
data can be prolonged. Data retention time is also in-
creased in a device constructed in accordance with the
teachings of the present invention because of resultant
reduced leak currents and narrower depletion layers.

The source region 103 in which the above-mentioned
capacitors Cp, Cs are to be formed should advisably be
made broader than the drain region 102 in order to
cause the capacitors Cp, Csto have a larger capacitance
in the limited chip area.

The memory cell described above can be formed
without adding a difficult step, by the same manufactur-
ing technique as the ordinary CMOS manufacturing
technique.

FI1G. 2 shows a semiconductor memory circuit com-
prising numerous memory cells arranged in the matrix
array of m rows and n columns. Each memory cell

comprises an N channel IGFET TR whose gate 1s con-

nected to a row selection line K and whose drain 1is
connected to a bit line L; a capacitor Cp connected
between the source electrode of the IGFET TR and the
power source Vpp; and a capacitor Cg connected be-
tween the source electrode of the IGFET TR and the
power source Vgs. The capacitor Cp corresponds to a
capacitor formed between the metal layer 109 and
source region 103 shown in FIG. 1. The capacitor Cgs
corresponds to a junction capacitor formed between the
source region 103 and P conductivity type well 101.
The one side ends of the bit lines L) and L, are con-
nected to P channel IGFET’s T to T, whose source
electrodes are respectively connected to the power
source V pp. The gates of the P channel IGFET’s T to
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Tr are jointly connected to a timing signal generator 10
for producing a signal having such a waveform as is
shown in FIG. 3B. Capacitors Cp; to Cop, are connected
between the other side ends of the bit lines L to L, and
power source V¢. The other side ends of the bit lines
Lito L,are connected, as i1s well known, to a data-proc-
essing unit (not shown), and also to an output circuit
(not shown) through the data-sensing circuits SC; to
SC,. The output terminals of the data-sensing circuits
SCi to SC, are connected to clocked mverters 30-1 to
30-n through inverters 20-1 to 20-n.

The clocked inverter 30 is formed of P channel I1G-
FET’s 31, 32 and N channel IGFET’s 33, 34 connected

in series between the power sources Vppand Vss. The

gates of the IGFET’s 32, 33 are connected to the output
terminal of the inverter 20. The junction of said IG-
FET’s 32, 33 is connected to the bit line L. The gate of
the P channel IGFET 31 is connected through an in-
verter S0 to the output terminal of a refresh signal gen-
erator 40 for sending forth a refresh signal having such
a waveform as is shown in FIG. 3C. The gate of the N
channel IGFET 34 is connected to the output terminal
of the refresh signal generator 40.

There will now be described the operation of the
memory circuit of FIG. 2. Data is written in the mem-
ory cell MC by selectively energizing the bit line L and
row selection lines K. Where data of “1”” is to be written
in, for example, a memory cell MC;,, a row selection
line K 1s energized and a bit line L) is energized to a
high voltage level Vpp. As the result, an N channel
type FET TR 1s rendered conductive to cause a ca-
pacitor Cgsy, to be charged up to a high voltage level
V pp. Where data of “0” is to be written in the memory
cell MC»), the bit line L5 is energized to a low voltage
level Vgss (for example, zero volt), thereby enabling a
capacitor Cpyj to be charged up to a high voltage level
V Dp through the FET TR; rendered operative by the
energized row selection line Kj.

Data is read out of the memory cell MC by selec-
tively energizing the refresh signal generator 40-1 to
40-n and row selection lines K. Where data of “0” is to
be read out of, for example, a memory cell MC;;, then
an IGFET T, is rendered conductive by an output
timing signal from the timing signal generator 10 which
has such a waveform as is shown in FIG. 3B. As the
result, the bit line L is energized up to a high voltage
level V pp, causing a capacity Cp to be also charged up
to the high voltage V pp. Then, the FET TRj; becomes
conductive by the energized row selection line Ko.
Since data of “0” 1s stored in the memory cell MCj»,
namely the junction of the capacitors Cpa; and Csy; has

a low voltage level of Vgs, the voltage Vg of the bit line

L after conduction of the FET TR2; may be expressed

by the following equation:

- Co2
— Cpay + Cs2 + C_oz

(1)

Vo - Voo

A change of voltage level from Vppto Vg in the bit
line L; is detected by the data-sensing circuit SC;. A
low level signal is sent forth to a data-processing unit
(not shown) as data “0”, After inverted by the inverter
20-2, the low level signal is supplied to the clocked
inverter 30-2 as a high level signal. FET’s 31-2, 34-2
included in the clocked inverter 30-2 are rendered con-
ductive by an output refresh signal from a selectively
energized refresh signal generator 40-2 which has such
a waveform as shown i1n FIG. 3C. As the result, a FET
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33-2 becomes conductive upon receipt of a high level
from the inverter 20-2, causing the bit line to be con-
nected to the low level power source Vs, and in conse-
quence the junction of the capacitors Cpzz and Cs2; to
have a low voltage level of Vgs. Thus, the memory cell
MC;; is refreshed to store information of “0”,

There will now be described the case where informa-
tion of “1” is to be read out of the memory cell MCj;.
In this case too, the bit line L; is energized to a high
voltage level of Vpp by a precharge signal from the
timing signal generator 10 to charge the capacitor Cpz to
a high voltage level of Vpp. Then, the FET TRj; is
rendered conductive by the selectively energized row
selection line K». Since, at this time, information of “1”
is stored in the memory cell MCj,, namely, the junction
of the capacitors Cp;z and Cs23 has a high voltage level
of Vpp, the voltage of the bit line L is still kept at a
high voltage level of Vpp even after the FET TR 1s
rendered conductive. A voltage signal from the bit line
L, is detected by the data-sensing circuit SC, and a
high level signal is sent forth to a data processing unit
(not shown) as information of “1”. This high level signal
is inverted by the inverter 20-2 to be supplied to the

clocked inverter 30-2 as a low voltage level signal.

Since, as previously described, the FET’s 31-2, 34-2
included in the clocked inverter 30-2 are rendered con-
ductive by an output refresh signal from the refresh
signal generator 40-2, and the FET 33-2 becomes con-
ductive by an output low voltage level signal from the
inverter 20-2, the bit line L3 is connected to the high
voltage level power source Vpp. As the result, the
junction of the capacitors Cpy; and Cs22 has a high
voltage level of Vpp and the memory cell MC;3; is re-
freshed to store information of *“1”.

This invention has been described by reference to the
foregoing embodiment. However, the invention is not
limited thereto but may be applicable in various modifi-
cations.

For example, the clocked inverter 30 may be replaced
by a clocked inverter 60 of FIG. 4 formed of three P
channel FET’s 61 to 63. The gates of the FET’s 61, 63
are connected to the refresh signal generator 40, and the
gate of the FET 62 is connected to the inverter 20.
When a high voltage level signal 1s supphied to the FET
62 from the sensing circuit SC through the inverter 20
when the FET’s 61, 63 are rendered conductive by an
output from the refresh signal generator 40, then the
FET 62 still remains inoperative, causing the bit line L
to be impressed with a low level voltage Vgs. When
supplied with a low voltage level signal, then the FET
62 is rendered conductive, causing the bit line L. to be
impressed with a high level voltage V pp.

The foregoing description relates to the case where
the memory circuit of FIG. 1 is operated by the posttive
logic. However, the memory circuit may be so designed
as to be operated by the negative logic, with the power
source Vs used as a referential voltage source (ground
potential) and the power source Vpp is a negative
power source.

A complementary type semiconductor memory de-
vice in which a P conductivity type well 1s formed in an
N conductivity type substrate has been described by
reference to FIG. 2. Conversely, however, the semicon-
ductor memory device may have an N conductivity
type well formed in a P conductivity type substrate.

Moreover, for clarification, only one memory cell is
formed in the semiconductor substrate 100 in FIG. 1, it

oy
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is possible to form a plurality of memory cells in the
semiconductor substrate 100. o

What we claim is:

1. A semiconductor memory circuit comprising a
plurality of memory cells arranged in one row, each of
said memory cells including a semiconductor substrate
of one conductivity type, a semiconductor region
formed in the surface of the semiconductor substrate
with the opposite conductivity type to, and at a higher
impurity concentration than, the semiconductor sub-
strate, source and drain regions of said one conductivity
type formed in the surface of the semiconductor region
and at a higher impurity concentration than the semi-
conductor substrate, a gate insulation layer formed be-
tween the source and drain regions, a gate electrode
deposited on the gate insulation layer, an insulation
layer formed partly on a selected one of the source and
drain regions and an electrically conductive layer de-
posited on the insulation layer over said selected one of
the source and drain regions; a row-energizing line
connected in common to the gate electrodes of the
memory cells; a plurality of bit lines connected to the
selected one of the source and drain regions of each of
the memory cells arranged in the same column; a plural-
ity of data-sensing circuits respectively connected to the
bit lines; and a plurality of refresh circuits respectively
connected to the data-sensing circuits each formed to
operate upon receipt of a column selection signal and
supply a corresponding one of the bit lines with an
output signal corresponding to an output signal of the
data-sensing circuit. |

2. A semiconductor memory device comprising at
least one memory cell including a semiconductor.sub-
strate of one conductivity type; a semiconductor region
formed in the surface of the semiconductor substrate

- with the opposite conductivity type to, and at a higher
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impurity concentration than, the semiconductor sub-
strate; source and drain regions of said one conductivity
type formed in the surface of said semiconductor region
and having a higher impurity concentration than the
semiconductor substrate; a gate insulation layer formed
between the source and drain regions; an insulation
layer formed partly on a selected one of the source and
drain regions; and an electrically conductive layer
mounted on said insulation layer over said selected one
of the source and drain regions, wherein a first capaci-
tor i1s formed of the conductive layer and said selected
one of the source and drain regions serving as the facing
electrodes of the capacitor and a second capacitor is
formed in the junction of said semiconductor region and
the selected one of the source and drain regions.

3. The semiconductor memory device according to
claim 2, wherein an additional region of said one con-
ductivity type 1s formed in the surface of said semicon-
ductor region in contact with the selected one of the
source and drain regions, said additional region being
formed shallower than said selected one of the source
and drain regions; and said conductive layer is formed
to face the additional region and the selected one of the
source and drain regions.

4. The semiconductor memory device according to
claim 3, wherein the additional region is formed by ion
implantation.

5. The semiconductor memory device according to
claam 3, wherein said selected one of the source and
drain regions has a larger area than the other.

6. A semiconductor memory circuit comprising a
plurality of memory cells arranged in at least one col-
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umn, each of said memory cells including a semicon-
ductor substrate of one conductivity type, a semicon-
ductor region formed 1n the surface of the semiconduc-

tor substrate with the opposite conductivity type to, and
at a higher impurity concentration than, the semicon-

ductor substrate, source and drain regtons of said one
conductivity type formed in the surface of the semicon-
ductor region at a higher impurity concentration than
the semiconductor substrate, a gate insulation layer
formed between the source and drain regions, a gate
electrode deposited on the gate insulation layer, an
insulation layer formed partly on a selected one of the
source and drain regions, and an electrically conductive
layer formed on the insulation layer over said selected
one of the source and drain regions; a plurality of row-
energizing lines each connected to the gate electrode of
the memory cell arranged in the same row; at least one
bit line connected to the other of the source and drain
regions of each of the memory cells arranged in the
same column; at least one data-sensing circuit con-
nected to the bit line and at least one refresh circuit
connected to operate upon receipt of a column selection
signal and connected to the bit line to supply a corre-
sponding bit line with an output signal corresponding to
an output signal of the data-sensing circuit. ‘

7. A semiconductor memory circuit according to
claim 6, wherein an additional region of said one con-
ductivity type is formed in the surface of said semicon-
ductor region in contact with the selected one of the
source and drain regions, said additional region being
formed shallower than said selected one of the source
and drain regions, and said conductive layer 1s formed
to face the additional region and the selected one of the
source and drain regions.

8. The semiconductor memory circuit accordmg to
claim 6, wherein the refresh circuit comprises an in-

S
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8

verter for inverting an output signal from the data-sens-
ing circuit; a refresh signal generator for sending forth a
refresh signal in response to a column selection signal;

and a clocked inverter formed to operate upon receipt
of an output refresh signal from the retresh signal gener-

ator, invert an output from the inverter and supply the
inverted signal to the bit line.

9. The semiconductor memory circuit according to
claim 8, wherein the clocked inverter is provided with
first and second power supply terminals, an output ter-
minal connected to the bit line, first and second IG-
FET’s of a first channel type connected in series be-

- tween the first power supply terminal and output termi-
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nal, third and fourth IGFET’s of a second channel type
different from the first channel type which are con-
nected in series between the second power supply ter-
minal and output terminal, and also wherein the first
and fourth IGFET’s are rendered conductive by an
output refresh signal from the refresh signal generator
and the second and third IGFET’s are selectively ren-
dered conductive accordmg to the voltage level of an
output signal from the sensing circuit.

10. The semiconductor memory circuit according- to
claim 8, wherein the clocked inverter is provided with
first and second power supply terminals, an output ter-
minal connected to the bit line, a first IGFET of a first
channel type connected between the first power supply
terminal and output terminal, second and third IG-
FET’s of the first channel type connected in series be-
tween the second power supply terminal and output
terminal, and also wherein the first and third IGFET’s
are rendered conductive upon receipt of an output re-

- fresh signal from the refresh signal generator, and the
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second IGFET becomes conductive according to the

voltage level of an output from the data-sensing circuit.
£« * % % %
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